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INC: CAPACITY CONTROL PLAN FOR MONITORING PART QUALITY IN A PRODUCTION

Capacity control plan for monitoring Part Quality in a production environment
of thousand’s parts jobs

Abstract
Cosmetic and some Consumer Goods market is a great opportunity for 3D Printing
technologies. One of the first use cases which is being developed is the print of mascara
brushes. This application requires printing jobs including thousands of parts in order to allow
Multi Jet Fusion technology to be a competitive solution in terms of Total Cost of Ownership
(TCO). Also, in order to enable a better TCO it is required that the printed parts have a
high yield, so the minimum percentage possible of parts are discarded by the customer.
In order to achieve this, it is required a method for monitoring part quality, which for jobs
with such a big amount of tiny parts is not trivial. In this paper we propose a method for
monitoring the part quality of printed parts to assure that the maximum parts yield is
achieved.

Introduction
Examples like mascara brushes application require printing jobs of thousands of tiny parts.
Each part contains many small features which directly impact part quality. The main part
quality attribute to be measured is the stiffness of the brush when inserted through a tight
opening. Also, the Z dimension of the part is relevant to properly fit in its corresponding
holder. Parts which do not are inside the allowed tolerances for these part quality metrics
have to be discarded, reducing thus the field. With the current situation, once a part is
discarded it is not possible to know in which position of the bed was printed. One option
for certain geometries is to include some label or identifier in the part, however for the kind
of small parts being printed with many small features, it is not possible to add a label in the
part which is identifiable later. Also, validating all the parts in the job is not feasible as
would require a high investment in operator time performing this operation. For that
reason, in this invention disclosure we propose a method which automatically selects
certain regions of the build to be monitored, varying these positions from build to build.
Then, the parts from these regions are encapsulated in a cage so they can easily be
identified the positions where they were printed. Once the part quality is evaluated, for
the cases where parts have to be discarded, it is possible to identify the region where it
was printed and then adjust the printer to fix the issue.
Prior to our proposed solution there was no mechanism for tracking part quality on
thousands of parts jobs. The only option was to evaluate, either for all the parts or for a
limited portion of the parts, the part quality. However, this information cannot be used
later as there was no information about the position in which the discarded parts were
printed.
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Proposed method
Mascara brushes require printing tiny parts which are plenty of small features. Being so
small parts, it is not feasible to print a readable label to the pars which allows later to
univocally identify each of the printed part instances.
To make Multi Jet Fusion technology a competitive solution for producing mascara
brushes it is required to reduce the TCO as much as possible. This can be achieved, on the
one hand, by printing as many parts as possible in a single build, and on the other, by
assuring that a high yield is achieved. The yield is maximized by assuring that as much parts
as possible have enough part quality. Part quality is measured mainly with two attributes:
-

-

Part stiffness: How hard is to insert and remove the part into a small opening,
measuring this operation several times (see Figure 1). For example, if it is required a
higher force than expected for introducing the brush it would mean that the
printed brush has harder “hairs” than required. On the opposite, if the required
force is lower, or decreases each time it is inserted, it would mean that the “hairs”
are weaker and tend to break.
Dimensional accuracy: The Z height of the part has to be within a tolerance in order
to properly fit in the case.

Figure 1. Example of mascara brush stiffness test
When these tests are currently executed, we can identify good and bad parts, and
compute some estimation of the part yield in a build. However, we don’t have enough
information for improving the process. And here is where our proposed solution gives us
the competitive advantage.
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Figure 2. Example of a standard production job for mascara brushes application
Our method
We know that the resulting part quality is not uniform across the bed. As there are different
hardware components involved on the region being printed (for instance the top lamp
covering this region, of the printhead firing the corresponding band), identifying in which
position were printed the parts would allow to improve the printing process consistency
and react earlier once it starts to degenerate. As commented before, a random sampling
of the parts to be evaluated for part quality would not assure that we properly evaluate
all the regions of the bed, and also, once a bad part is detected, we cannot identify the
problematic parts.
Our method is as follows:






It starts on the build preparation SW. Here there would be a process control
parameter which the user would configure to establish the percentage of parts
that will be evaluated for part quality in each build, and also it can configure how
many parts will be encapsulated inside a cage (this also establish the size of a
calibration region for the process)
Once the process control parameter is adjusted, then the SW determines how
many cages would be generated, and then pseudo-randomly distribute them
along the build space. The process will keep track of the selected positions to
assure that subsequent builds encapsulates regions which were lesser evaluated in
previous builds.
With that, it generates a build were the selected regions will contain the brushes
encapsulated (Figure 3 shows an example of how brushes are encapsulated inside
a cage). The cages will contain the minimal material possible to assure that they
will not impact the part quality of the encapsulated parts, and also will include
some identification to allow later detecting the region in which they were printed.
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Figure 3. Example of how the parts would be encapsulated in cages



Then the job will be printed as usual and unpacked after it is cooled. The parts
which are caged will be isolated for evaluation for part quality.
Then, each of the parts inside the cage will be evaluated. In the case they are ok
the process will finish here. In the case that part quality is not good enough, the job
would be rejected for production. Here corrective actions could occur taking
advantage of the captured metrics. Knowing which regions are having issues and
which kind of issues there can be corrective actions locally applied in the printer.
However, this is out of scope of this invention.

Figure 4 illustrates the described workflow.
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Figure 4. Flow diagram of the proposed method
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